1. Introduction {#sec1}
===============

Laparoscopic gastrectomy has been established as a minimally invasive treatment in gastric surgery, especially early gastric cancer [@bib1], [@bib2]. While distal gastrectomy is performed for gastric cancer located in the lower or middle third of the stomach, total or proximal gastrectomy is performed for lesions located in the upper third. Total gastrectomy is particularly essential for treating multiple cancers. Although Roux-en-Y reconstruction is one of the options after laparoscopic total gastrectomy for gastric cancer, a different reconstruction method should be considered for patients with comorbidities who require regular duodenal checkup after surgery. Other available surgery routes include the jejunal interposition method and the double tract method. We herein describe double tract reconstruction following total gastrectomy for duodenal surveillance. This work has been reported in line with the PROCESS criteria [@bib3].

2. Methods {#sec2}
==========

2.1. Patients {#sec2.1}
-------------

Between August 2013 and April 2015, we performed four consecutive laparoscopic total gastrectomies with double tract reconstruction at Chiba University Hospital, Japan. Three of the patients were diagnosed with gastric cancer, while the remaining patient was diagnosed with gastric carcinoid. Staging was performed using Japanese classification of gastric carcinoma [@bib4].

2.2. Procedure {#sec2.2}
--------------

After laparoscopic total gastrectomy with D1+ lymphadenectomy performed in accordance with the Japanese Gastric Cancer treatment guidelines [@bib5], the jejunum was divided approximately 25 cm distal to the Treitz ligament. The distal jejunal limb was then directly brought up to the esophageal stump. Esophagojejunostomy was performed in a side-to-side (overlap) fashion [@bib6] using a linear stapler (Endo GIA™ 45; Covidien, Mansfield, MA, USA) (Patients 1 and 4), or end-to-side fashion using a circular stapler [@bib7] (EEA™ OrVil™ 21-mm device; Covidien) (Patients 2 and 3). Side-to-side jejunoduodenostomy was then performed using a modified "delta-shaped anastomosis" [@bib8] technique. With this technique, a V-shaped anastomosis was made between the posterior side of the duodenum and the jejunal limb, approximately 15 cm distal to the esophagojejunal anastomosis, using a 45-mm linear stapler (Endo GIA™ 45; Covidien). The entry hole of the stapler was closed using the same 45-mm linear stapler. Side-to-side jejunojejunostomy was then made using a 60-mm linear stapler (Endo GIA™ 45; Covidien), approximately 30 cm distal to the jejunoduodenostomy ([Fig. 1](#fig1){ref-type="fig"}).Fig. 1A schematic diagram of double-tract reconstruction. Three anastomoses were made: (a) side-to-side or end-to-side esophagojejunal anastomosis, (b) side-to-side jejunoduodenal anastomosis, and (c) side-to-side jejunojejunal anastomosis.Fig. 1

3. Results {#sec3}
==========

Four cases were reconstructed via the double-tract method following laparoscopic total gastrectomy with D1+ lymphadenectomy. The clinicopathological backgrounds of the four patients are shown in [Table 1](#tbl1){ref-type="table"}. The mean age was 66.8 years, and the mean duration of hospital stay was 20.3 days. The mean operative time was 464.3 min, and the mean blood loss was 137.5 ml.Table 1Patient characteristics.Table 1Case no.1234SexMaleMaleFemaleMaleAge, yr61827249ComorbidityFAPDuodenal adenomaCrohn\'s diseaseDuodenal SMTDiagnosisGastric cancerGastric cancerGastric cancerGastric carcinoidTumor location/macroscopic findingsU, Less, 5 mm, IIcML, Less, 100 mm, IIaU, Less, IIa, 10 mmUML, multiple, 2 mmM, Less, 15 mm, IIcL, Gre, 15 mm, IIcM, Less, IIa, 15 mmClinical TNM classification/stagecT1aN0M0, cStage IAcT1bN0M0, cStage IAcT1aN0M0, cStage IAcT1aN0M0, cStage IAcT1bN0M0, cStage IAcT1aN0M0, cStage IAcT1aN0M0, cStage IAPathologyM, Ant, IIc, tub1, pT1aM, Less, Type 4, por2, pT2U, Less, IIa, tub1, pT1aUM, tripleU, Less, IIb, tub1, pT1aL, Ant, Iic, tub2, pT1aU, Less, IIa, tub1, pT1aNeuroendocrine tumor G1, pT1aU, Less, IIb, tub1, pT1apN1pN0pN0L, LessAnt, status post ESD, tub1pN0Operative time, min468500400489Blood loss, ml2205125200Postoperative hospital stay, day16132811Follow-up time, month31484524Postoperative endoscopic examination timing, month5, 17, 293, 273, 367RecurrenceNoNoNoNoReflux esophagitisNoNoNoNoNew manifestations of duodenal diseaseNoNoNoNo[^1]

No deaths occurred, and three of the patients showed no early complications. One patient with Crohn\'s disease (Patient 3) developed anastomotic leakage on Day 6 after surgery, but it was successfully managed conservatively. The patients resumed oral food intake by Day 22 after the surgery. Some late complications were observed in all of the patients, as follows: diarrhea (Patients 1, 2, 3) and weight loss of more than 5 kg (Patients 1, 2, 4).

All of the patients underwent gastroendoscopy three to seven months after the surgery, and the duodenum was able to be inspected via duodenojejunal anastomosis in all of them ([Fig. 2](#fig2){ref-type="fig"}). No signs of reflux esophagitis, recurrence, or new manifestations of duodenal diseases were revealed during regular follow-up up to a mean of 37 months after surgery.Fig. 2The findings of an endoscopic examination five months after the operation. (a) A jejunoduodenal anastomosis without stenosis. (b) We were able to observe the duodenum.Fig. 2

4. Discussion {#sec4}
=============

Roux-en-Y reconstruction is one of the typical options after laparoscopic total gastrectomy for gastric cancer. However, observing the duodenum with a gastroendoscope can be quite difficult after this reconstruction. Given that periodical endoscopic examinations of the duodenum are strongly recommended after surgery in patients with comorbidities such as duodenal adenoma, FAP, or Crohn\'s disease, other reconstruction options may be preferable in these patients.

We employed a double-tract reconstruction method after laparoscopic total gastrectomy for this purpose in our series of patients, since this method requires only a minor modification to the Roux-en-Y reconstruction procedure. A delta-shaped intracorporeal anastomosis technique, developed for B-1 reconstruction after distal gastrectomy [@bib8], was applied for this modification.

The benefits of double-tract reconstruction after total gastrectomy have been described as (1) its technical simplicity; (2) the preserved passage of food though the duodenum; and (3) the lack of any need to create a duodenal stump, one of the risk sites of rupture [@bib9]. In addition, double-tract reconstruction also allows much easier endoscopic access to the duodenum after surgery than Roux-en-Y reconstruction.

Double-tract reconstruction after laparoscopic proximal gastrectomy using intracorporeal delta-shaped anastomosis has been also described by Jun Hong et al. [@bib10] and shown to be technically feasible and safe. The length of the alimentary limb between esophagojejunostomy to gastrojejunostomy has been recommended to be 15--20 cm to achieve a satisfactory gastroendoscopic follow-up of the duodenum. We secured a similar length (approximately 15 cm) between esophagojejunostomy and duodenojejunostomy in our series, as the surgery did not induce too much tension or relaxation of the reconstructed alimentary limb. As such, postoperative endoscopic check-ups of the duodenum were performed without any difficulty in all four of the present cases. However, long-term follow-up is necessary to determine whether this length between esophagojejunostomy and duodenojejunostomy does not cause bile reflux without residual stomach.

5. Conclusion {#sec5}
=============

To our knowledge, this is the first report of total gastrectomy with double-tract reconstruction in gastric cancer patients with FAP and Crohn\'s disease. Given that all of the patients were successfully treated under laparoscopic guidance, we feel that double-tract reconstruction may be the best choice for patients requiring total gastrectomy with regular check-up of the duodenum after surgery. However, such cases are believed to be relatively rare; therefore, more data are needed before any hard recommendations are made.

Ethical approval {#sec6}
================

Ethics committee application has not been made because of the article.

Sources of funding {#sec7}
==================

The authors have none to declare.

Author contribution {#sec8}
===================

HH, NH, KH and RO made, analyzed, and interpreted our patient\'s imaging examinations. HH and NH demonstrated surgery for our patients. The manuscript was prepared by RO under the supervision of HH, NH, HG, KH, and HM. All authors read and approved the final manuscript.

Conflicts of interest {#sec9}
=====================

The authors have no conflicts of interest to disclose.

Registration of research studies {#sec10}
================================

The authors have none to declare.

Guarantor {#sec11}
=========

Ryota Otsuka, Hideki Hayashi.

Consent {#sec12}
=======

Written informed consent was obtained from patients for publication of this case series and accompanying images.

[^1]: FAP, familial adenomatous polyposis; SMT, submucosal tumor.
